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ASBESTOS

Toward S Derspective

by H. Wesley Peirce, Principal Geologist
and
Meliton M. Garcia, Industrial Hygienist

Director’'s Comment: Asbestos has achieved international notoriety largely
because of its reported carcinogenic (cancer-causing) tendencies. A di-
lemma exists because of a conflict between two issues: 1) negative effects
related to public health, and 2) positive public benefits derived from asbes-
tos use. Although positions have already been taken on this subject by
many, it is our belief that enough uncertainties exist to encourage further
research and discussion. The purpose of this article is to put current knowl-
edge into perspective and to encourage additional analysis. [W.P.C.]

INTRODUCTION

Like the word “snakes”, asbestos is not a scientific word.
Both are lumping terms encompassing a group of similar, yet
different species. Although such terms serve a useful pur-
pose for general identification, they do not acknowledge
component parts and, therefore, perpetuate misunderstand-
ing of specific characteristics. Are all snakes identical? Are all
fibrous (asbestiform) minerals under the label “asbestos”
likely to be identical? Where data exist, is the cause of good
science served by not differentiating species and their re-
spective attributes? “No” seems the logical response to each
of these queries.

A summary follows of: 1) the nature of the problems re-
lated to the use of asbestos, 2) the world-wide geologic distri-
bution of economic deposits of asbestos minerals, 3) the
scope and significance of the asbestos industry, 4) highlights
of asbestos in Arizona, and 5) health-related considerations.
The term “asbestos” will be used in this article to denote the
family of commercially exploited mineral fibers.

NATURE OF THE PROBLEM

As civilizations increase in complexity, the number of tech-
nical issues projected into the arena of public debate and
reaction, especially in democratic societies, also increases.
In those technical issues that are delivered to the body politic
through the news media (a dominant form of public educa-
tion), rhetoric may quickly overrun the information base or
selectively use data to focus on a specific idea or perceived
problem. In such cases, choosing between legitimate con-

¢
Part of a Quebec, Canada mining town nestled among waste piles resulting from the
mining and milling of chrysotile asbestos. Photo from Resources Quebec, 1980, v. 4,
no.1, p. 18. ,

cern and overreaction, though difficult at best, seems an
essential pursuit, if truth is to be sought rather than emotional
response.

The pro;ection of asbestos into the forefront of public
awareness over the past decade stems from two conflicting
factors: 1) asbestos a naturally occurring group of earth ma-
terials used in a myriad of industrial and domestic products,
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constitutes the base for an extensive, international mining,
milling, and manufacturing industry, and 2) asbestos, under
certain circumstances, is a contributing factor in the cause of
cancer and other diseases. Thus, there is a diversity of inter-
est in asbestos.

The lack of agreement on what constitutes an asbestos ma-
terial is a continuing problem. Much disagreement exists
over the definition of asbestos, especially as it pertains to
occupational health and safety regulations. Defintions vary
depending upon those concerned-medical interests, occu-
pational health and safety enforcement agents,
mineralogists, lawyers, industrial users, economists, etc. The
occupational health and safety standards derive their defini-
tion from governmental agencies (U.S. Department of
Health and Human Services, NIOSH-OSHA Work Group,
1980).*

The question before the world’s health and regulatory es-
tablishments is the extent to which the hazards of asbestos
outweigh the benefits. On this subject, the Office of Techni-
cal Assessment stated in 1981: “Because the Federal Govern-
ment does not accept a threshhold level for carcinogens, a
strict interpretation of these laws would require that risk be
entirely eliminated.” Obviously, this kind of interpretation
creates a dilemma of large proportions. To what extent, as a
practical matter, should such laws be enforced? Is there no
room for flexibility? Actually, some flexibility is provided to
regulatory agencies by Congress through the use of expres-
sions like “unreasonable risks”. However, who is to judge
what constitutes a reasonable risk? The ideal is to balance
risks, costs, and benefits, at the same time being sensitive to
equity considerations (i.e., risks may be disproportionately
borne by some in order to provide benefits for others).

Can a condition of reasonable risk be attained without
debilitating the entire asbestos industry for all time? The
answer to this question is encouraged by epidemiological
data coming to light which indicate that chrysotile, the
principal mineral of the asbestos industry, does not pre-
sent the degree of risk that attends some of the other com-
mercial fibrous materials.

MINERALOGY AND USAGE

Although there are many naturally occurring elongated
minerals that are referred to variously as fibrous, asbes-
tiform, acicular, filiform or prismatic, few occur in deposits
suitable for commercial exploitation. Commercial asbestos
is generally considered to occur naturally in six forms (see

*At present, a widely used definition of asbestos in the United States is
included in the proposed regulations and guidelines of “Occupational Expo-
sure To Asbestos”, published in the Federal Register by the Occupational
Safety and Health Administration (OSHA). In this notice, the naturally occur-
ring amphibole minerals (amosite, crocidolite, anthophyllite, tremolite, and
actinolite) and the serpentine mineral (chrysotile) are classified as asbestos if
the individual crystal fragments have the following dimensions: length greater
than 5 micrometers (microns), maximum diameter less than 5 micrometers,
and length-to-diameter ratio of 3 or greater. Any product containing any of
these minerals in this size range is also defined as asbestos.
[T meter=1,000,000 microns; 5 microns=.0002 inches].

A joint National Institute for Occupational Safety and Health and OSHA
committee published the following in 1980: “Definition of Asbestos. Having
considered the many factors involved in specifying which substances
should be regulated as asbestos, the committee recommends the following
definition: Asbestos is defined to be chrysotile, crocidolite, and fibrous
cumingtonite-grunerite, including amosite, fibrous tremolite, fibrous ac-
tinolite, and fibrous anthophyllite. The fibrosity of the above minerals is
ascertained on a microscopic level with fibers defined to be particles with an as-
pect ratio of 3to 1 or larger.”

footnote on page 2). Itisimportant to recognize that these six
commercial fibrous minerals are not identical in crystal struc-
ture, chemical composition, abundance, geologic occur-
rence, degree of exploitation, etc. Furthermore, human
epidemiological data (i.e., incidence, occurrence, and con-
trol of disease in a population) suggest that they also are not
identical in their disease-causing potential. These commer-
cial fiber types not only differ between species, but also
somewhat within species as well. Differences exist in fiber
dimension, flexibility, tensile strength, resistance to heat, elec-
trical conductance, specific gravity, and other properties
(Shride, 1969).

Each mineral locality tends to have its own set of fiber charac-
teristics suitable for certain, but not all, possible uses. In
other words, all occurrences of the same mineral species are
not necessarily suited for identical uses. As examples, fiber
length is a major factor in grading asbestos for commercial
purposes—the longer lengths being more valuable, with the
soft fibers worth more than harsh fibers. The longer fibers
are valuable because they can be spun or woven into fabrics.
Most of the spinning fibers are chrysotile asbestos. Amosite
fibers are shorter and are used for various felted insulation
products. Lighter weight products can be made with amosite
for use in aircraft and ships. Crocidolite has high tensile
strength and is acid resistant. Spun or woven crocidolite fi-
bers are used in making fiber cement pipe because they
allow free and rapid filtration of fluids that speeds up man-
ufacturing processes (Bowles, 1959).

OCCURRENCE

Major sources of amphibole fibers have been the amosite
and crocidolite deposits of South Africa, the crocidolite of
western Australia, and the anthophyllite of East Finland
(Ross, 1981). Minor occurrences of amphibole-type fibers in
the U.S. that have had some production include anthophyl-
lite in Georgia, North Carolina, Idaho, Maryland, and Mas-
sachusetts. Tremolite has been mined only in a small way
from deposits in South Africa and Maryland. Commercial
mining of actinolite is practically unknown. Today, mining of
amphibole asbestos is essentially confined to South Africa.

By far, the most important commercial mineral fiber
comes from the serpentine type known as chrysotile. The
two most important world sources of this fiber are the Ural
Mountains of Russia and the Appalachian Mountains portion
of Quebec, Canada (Table 1), and northern Vermont, U.S.A.

Fiber Type Continent/Source Amount Produced
Europe 2,775,000
North America 1,713,000
. Africa 377,000
Chrysotile (5,317,000 MT) Asia 293,000
South America 101,000
Australia 58,000
Crocidolite (210,000MT)  Republic of So. Africa 210,000
Amosite (71,000 MT) Republic of So. Africa 71,000
World Total 5,598,000 MT

Table 1. Estimated world asbestos production by fiber type (metric tons), 1978
(data from U.S. Bureau of Mines).

Sixty years ago Arizona led the nation in the production of
chrysotile. At that time Arizona chrysotile, formed about 1.2
billion years ago, contained about half as much iron as did
the known Canadian (Quebec) chrysotile, a valuable asset
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EXPLARATION

Principal area of deposits

o}

Deposit or group of deposits outside principal areas

1
Deposits referred to in text and listed below

1 Bass (in Grand Canyon) 7 Regal

2 Hance (in Grand Canyon) 8 Grandview and Ladder
3 Wilson Creek - Walnut Creek area 9 Pinetop (Lucky Seven)
10 Chrysotile

11 Bear Canyon

4 Sloane Creek
5 Rock House
6 American Ores (Asbestos Peak)

Figure 1. Map of major chrysotile asbestos occurrences in Arizona (from
Arizona Bureau of Mines Bulletin 180).

for certain electrical applications. As recently as the 1950s,
Arizona chrysotile was the only domestic source of low-iron
chrysotile spinning fiber (used in covering electric cables)
that met Navy asbestos specifications (Stewart, 1955). The fil-
ter market has been the principal outlet for high-grade
Arizona chrysotile.

Chrysaotile fiber is reported to have been seen in 1869 in
the Grand Canyon by members of the Powell expedition
(Wilson, 1928). Claims were filed about the year 1900 and a
small amount of fiber was mined in 1903. The first of the more
famous Gila County occurrences was recognized in 1872.
However, additional discoveries were made and the first
claims filed in 1913 (Stewart, 1955). In 1914 the Johns-Manville
Company acquired the claims and soon became the leading
producer in Arizona. Because of this early success, prospect-
ing increased and hundreds of locations were made along
the Salt River, Cherry Creek, and in the Sierra Ancha region

of east-central Arizona. After World War |, the highest price
for the best grade crude chrysotile reached $3,000 per ton,
resulting in much early prospecting. [n response to this early
interest, the Arizona Bureau of Mines published a bulletin
called Asbestos (Allen and Butler, 1921). Because of a con-
tinuing demand for information, another bulletin about
Arizona asbestos followed (Wilson, 1928). Major Arizona
occurrences of chrysotile asbestos are shown in Figure 1.

PRODUCTION

Although asbestos had been mined as far back as Roman
times, the modern industry did not start until the late 1800s.
By 1890 the asbestos industry was going strong, with hun-
dreds of commercial applications for fibrous material.
Northern Italy was the first region to come into production.
However, by 1900 the large South African crocidolite de-
posits had been opened and the Russian deposits in the Ural
Mountains were being mined in large quantity. A few years
later, mining of amosite deposits of South Africa was in-
itiated. By 1980 about 100 million MT (metric tons) of asbestos
fiber had been mined throughout the world. More than 90
percent of this was chrysotile and about 5 percent amosite
and crocidolite (Ross, 1982). The remaining few percent is
attributed to the other amphibole fibers, principally
anthophyllite.

Amosite from South Africa, crocidolite from Australia, and
anthophyllite from East Finland all come from rocks about
two billion years in age. South African fiber production pres-
ently amounts to about 200,000 MT per year. The production
of Australian crocidolite was terminated in 1966 after 138,000
MT had been shipped. The anthophyllite deposits of East Fin-
land were operated continuously between 1918 and 1975,
when mining terminated for economic reasons; approxi-
mately 350,000 MT of fiber was produced, 230,000 MT of
which was exported.

The Quebec chrysotile deposits were discovered in 1877.
By 1900 Quebec had already supplied 150,000 MT of fiber; by
1980 nearly 40 million MT had been mined-approximately 40
percent of the world’s total mineral fiber production (Ross,
1981). Russia is the world’s largest producer of chrysotile
today, the Ural area contributing about 2.4 million MT per
year.

Other exploited chrysotile deposits are located in the [talian
Alps (160,000 MT per year), Cyprus (40,000 MT per year),
South Africa (113,000 MT in 1978), Swaziland (48,000 MT in
1978), Zimbabwe (210,000 MT in 1978), and in the Coalinga
area of California. Although the California deposits include
large near-surface reserves, mining has lagged because of
short fiber length and environmental controls (Ross, 1981).

In 1978 Russia produced 2,582,000 MT of chrysotile fiber,
46.1 percent of the world’s total fiber output. Canada pro-
duced 1,620,000 MT of chrysotile fiber, 28.9 percent of the
world total. Thus, in 1978, 75 percent of the world’s asbestos
production came from just these two regions. In contrast,
the U.S. produced 93,000 MT of fiber (chrysotile), less than
1.7 percent of the total. South African amosite and crocido-
lite production amounted to 281,000 MT or 5 percent of the
world fiber output. The remaining 18.3 percent, all
chrysotile, is attributed to 15 other countries, the largest
shares assigned equally (3.7 percent) to China and Zim-
babwe. Only three firms, operating in Vermont and Califor-
nia, are now producing asbestos (chrysotile) in the U.S.
Table 1 shows the estimated world production for 1978.
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Shride (1969) states that chrysotile asbestos was mined
from about 160 deposits in Arizona and that perhaps another
60-70 occurrences are known. In terms of production,
Arizona asbestos has, overall, been a small contributor.
Shride estimates that total production through 1966 of at
least 82,000 MT was valued at about $17 million at the time of
sale. Today, the Arizona asbestos industry is inoperative.

CONSUMPTION

The following excerpts about the asbestos industry, as it
once was, are taken from Bowles (1959):

Asbestos furnishes a major raw material for a great vari-
ety of essential products, the manufacture of which
constitutes a vast industry . . . the United States has
developed the greatest asbestos-products industry in
the world . . . Domestic mines furnish (in the form of
chrysatile fiber) only 6-8 percent of all grades and an
eveé\ smaller percentage of the important strategic
rades.
& The procurement of necessary supplies is a problem
of world-wide scope, and in every war emergency as-
bestos assumes top priority among strategic minerals.
It is of paramount importance, therefore, that a
thorough Enowledge should be gained of the composi-
tion and proEerties of asbestos, its uses and require-
ments for each use, grades and specifications, the degree
of essentiality of each application, the nature and extent
of sources of supply throughout the world, mine and
mill capacity, reserves, transportation, facilities, political
and commercial control, world requirements by coun-
tries, import and export data, allocation of sugplies,
fiber beneficiation, possibilities of synthetic asbestos
manufacture, use of substitute materials, past war con-
trols, war history, and various other problems that may
appear.
The U.S.S.R. has supplanted the United States as the largest
consumer of asbestos fiber (Clifton, 1979). U.S. consump-
tion for the years 1977-1982 is shown in Figure 2. Whereas the
use of asbestos in developing countries is expanding, Figure
2 indicates a continuous decline in U.S. asbestos consump-
tion since 1977. Clifton (1983) states that the 1982 domestic
consumption of about 250,000 MT (over 90 percent supplied
by Canada) is the lowest since 1940. He estimates that about
400 firms, centered in the eastern states, are manufacturing
asbestos products. In 1982 U.S. commercial uses of fiber in-
cluded asbestos-cement pipe (37 percent), flooring products
(20 percent), friction products (14 percent), roofing products
(9 percent), packing and gaskets (6 percent), ashestos-ce-
ment sheet (6 percent), and other uses (8 percent). Clifton
also suggests that certain domestic market segments may
have been permanently lost to substitutes. Although no
wholly satisfactory substitutes are available for asbestos in
many applications, such as friction needs, much research is
underway to evaluate possible alternatives.

HEALTH HAZARDS

That asbestos fibers, under certain conditions of expo-
sure, may cause disabling diseases in humans appears to be
well established. Three principal diseases have been attri-
buted to excessive exposure to asbestos fibers: 1) asbestosis,
a fibrosis of the lung tissue which reduces the elasticity and
function of the lungs, 2) lung cancer, and 3) mesothelioma, a
rare cancer of the pleural and peritoneal membranes. Nearly
all of the asbestos-related diseases have occurred in occupa-
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Figure 2. U.S. asbestos consumption by fiber type (100 metric tons),
1977-1982.

tional groups—those concerned with mining and milling of
asbestos, the manufacture of asbestos-containing products,
and the application and removal of insulation materials con-
taining asbestos fibers. However, some non-occupational
asbestos-related disease has been documented and is sum-
marized later.

During the turn of the century when the use of asbestos
fibers was increasing due to rapid expansion of product
lines, the control of dust created by certain operations was
not perfected. Itis known that in some textile manufacturing
operations, such as carding, spinning, and weaving of asbes-
tos fibers, dust concentrations were so high that a person
could not see beyond an arm’s length. After many years of
this type of exposure, some employees developed a pulmo-
nary disease that was named asbestosis. Upon recognition of
this affliction, dust control measures were initiated that sig-
nificantly reduced the incidence of asbestosis.

The first suggestion of a causal relationship of exposure to
asbestos fibers and lung cancer was proposed in the mid-
1930s (Lynch and Smith, 1935). It was also recognized that
there was a long time lag between first exposure and onset of
disease. As with asbestosis, the control of exposure resulted
in a marked decrease in the incidence of lung cancer.

The association of exposure to asbestos fibers and
mesothelioma was not given serious consideration until after
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1960 when 33 cases of mesothelial malignancies were re-
ported in a crocidolite mining population in South Africa
(Wagner and others, 1960). This disease appeared many
years after initial exposure.

Generally, asbestos-related diseases appear in asbestos
workers only after many years have elapsed since first expo-
sure. A significant increase in the lung cancer death rate ap-
pears 10-14 years after first exposure and peaks at 30-35 years.
The mesothelioma death rate becomes significant 20 years
after first exposure, but continues to climb even after 45
years have elapsed. The asbestosis death rate becomes sig-
nificant 15-20 years after first exposure and apparently peaks
at 40-45 years (Selikoff and others, 1980). It is to be em-
phasized that these cited, generalized statistics are based
upon studies of workers who were exposed daily to various
fiber types as part of their work environment. The signifi-
cance of exposure levels of the different fiber types, over
time, needs to be addressed if precision and a guiding per-
spective are to be gained.

Risk

The determination of asbestos risk can be approached in
two ways: 1) tests on animals, and 2) observations on hu-
mans exposed to asbestos dusts in mines and mills, and vari-
ous plants and workplaces where these particular fibers are
involved. The argument is made that animal studies are es-
sential because the time required to study humans renders
most direct studies impractical. The only reliable study of hu-
mans involves case histories with statistical data as-
semblages. A result is said to be positive when it reveals an
excess of mortality that is caused by the agent under study.
(An excess is that amount beyond what is statistically ex-
pected in a population not exposed to the risk.) Positive
epidemiological results are taken by agencies as strong evi-
dence of carcinogenicity, whereas a positive bioassay (ani-
mal test) is taken as evidence that a substance is a potential
human carcinogen. Apparently, agencies specify stringent
requirements with which to weigh negative epidemiological
data against positive animal information.

Carcinogenicity of asbestos fibers has been studied by ex-
posing laboratory animals to fibers by the following
methods: intratracheal injection, intraperitoneal injection,
intrapleural injection, ingestion, and inhalation. With the ex-
ception of inhalation, and ingestion to some extent, the
foregoing routes of exposure are not likely in humans. In ad-
dition, the quantity of asbestos required to produce these
effects in laboratory animals, by any of these routes of
exposure, is high relative to dosages experienced by humans
in occupational environments.

A report dealing with airborne asbestos was prepared by
the Committee on Biological Effects of Atmospheric Pollut-
ants (National Research Council, 1971), and information de-
rived from their assessment of animal studies may be worth
noting:

Asbestotic pulmonary fibrosis has been produced
experimentally in various species of animals, including
rats, guinea pigs, hamsters, rabbits and monkeys. In
many of the studies, the disease resembled early asbes-
totic development in man . . . Diffuse fibrosis has also
been produced, but to do so it was necessary to use
very high concentrations of asbestos dust and long
periods of exposure or observation after exposure . . .
Lung cancer from chrysotile dust has been produced
experimentally in rats and in mouse lung implants.

Other investigators who used different methods for in-
troducing the dust did not find lung cancer in animals
they studied... Rats whose lung clearance had been ar-
tifically impaired had twice the lung cancer rate of ani-
mals with normal clearance... cancer of the pleural sur-
face (mesothelioma) has been reported in rats and
hamsters that received intrapleural injections of the
three most common types of asbestos. The amounts of
asbestos dust introduced into the thoracic cavity were
very large, and translation of results to human inhala-
tion of asbestos is uncertain.

As already indicated, disease incidence increases signifi-
cantly among various asbestos trades workers. Most of these
are men who most likely handled several types of asbestos
fibers during their working careers. In contrast, miners and
millers tend to be exposed to only one form of fiber. This lat-
ter category, then, provides some opportunity to isolate the
effects of individual fiber forms on health. More about this
later.

Lungs of persons in urban and rural non-occupational set-
tings have been shown to contain “asbestos” fibers. Many of
these fibers, or bodies, are probably derived from the burn-
ing of leaves and from plant products, such as paper, wood,
and coal, man-made fibers, talc used generously as a body
dusting powder (which may contain tremolite), graphite,
hornblende, diatomaceous earth and carborundum (Na-
tional Research Council, 1971; Cooper, 1967). That
thousands or even millions of fibers are present in most
human lungs has been recognized since the turn of the cen-
tury. Although many urban areas contain measurable asbes-
tos fiber counts in the ambient air, epidemiological study in-
dicates that there are no unusual health problems attributed
to breathing chrysotile fiber in a non-occupational setting
(Ross, 1982).

In many epidemiological studies, “asbestos” is the common
denominator and specific fiber types are not considered.
Some feel strongly that such lumping serves to mask the
probability that the various fibers differ in their disease-caus-
ing tendencies in humans (Ross, 1982; Rutstein, 1982). This
distinction, if valid, should be viewed with the knowledge
that chrysotile fiber is the overwhelming contributor to as-
bestos production the world over, besides being the only
fiber mined commercially in the U.S. However, amosite and
crocidolite, though normally minor contributors, were
heavily used in certain war-related industries during World
War 1.

Malcom Ross (1982), a physical chemist and geologist-
mineralogist with the U.S. Geological Survey, has reviewed
and analyzed asbestos-related data from 110 published
sources from around the world. His primary interest was to
survey asbestos-related disease in all aspects of the industry
and assess non-occupational risks of fibrous minerals. Fol-
lowing are some of Ross’ conclusions:

1) Non-occupational exposure to chrysotile asbestos,
despite its wide dissemination in urban environments
throughout the world, has been shown by
epidemiological studies to be of no recognized health
significance. If chrysotile asbestos were hazardous to
health, the women of Thetford Mines, Quebec (where
over 20 million MT of chrysotile asbestos has been
mined), would be dying of asbestos-related diseases;
yet this has not occurred (see cover photo). The health
studies completed in Canada suggest that populations
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can safely breathe air and drink water that contain sig-
nificant amounts of chrysotile fiber.

2) Crocidolite asbestos shows an entirely different
fiber-dose disease-response relationship from that ob-
served for chrysotile asbestos. Health studies of those
exposed only to crocidolite show that it is much more
hazardous than chrysotile, perhaps 100-200 times more
hazardous with respect to mesothelioma. The danger
of crocidolite dust is particularly emphasized by the
many mesothelioma deaths occurring among the resi-
dents of the crocidolite mining districts of the Cape
Province, South Africa, where the exposure occurred
in a non-occupational setting. Such mortality is practi-
cally unknown among residents of the chrysotile min-
ing localities of Quebec. Control of crocidolite dust,
particularly in mines and mills, presents a considerable
engineering problem in that dust levels at or below the
1969 British Standard of 0.2 fibers/cm® (1 cm® = one
cubic centimeter or one milliliter) virtually cannot be
achieved (Simpson, 1979, p.74).

3) The hazards of amosite asbestos are more difficult to
assess. The amosite factory employees of Paterson,
New jersey, who worked under very dusty conditions
during World War 11, have experienced excess mortal-
ity due to lung cancer, asbestosis, and mesothelioma.
In contrast to these factory workers, amosite miners,
and millers elsewhere in the world, at least with regard
to mesothelioma, do not appear to be at much risk.
This suggests that dust controls are possible which can
greatly reduce or prevent the occurrences of asbestos-
related diseases in amosite workers.

4) The fear caused by statements and implications to
the effect that “one fiber can kill” and by the apparently
exaggerated predictions of the amount of asbestos-
related mortality expected in the next 20 or 30 years, has
generated much political pressure to remove asbestos
from our environment and to greatly reduce or even
stop its use. An example of this is the concerted effort
in several industrial nations, including the United
States, to remove asbestos from schools, public build-
ings, homes, ships, appliances, etc. This is being done,
even though most asbestos in the U.S. is of the
chrysotile variety, and even though asbestos dustlevels
in schools, public buildings, and city streets are much
lower than dust levels found in chrysotile mining com-
munities where no asbestos-related disease has been
reported in the non-occupationally exposed residents.
The impetus for these costly removals and appliance re-
calls (hair dryers, for example) apparently comes from
capitalizing on the “one fiber can kill” concept. Not
only is this program costly-it could be dangerous if the
removal of crocidolite asbestos is not accomplished
with great care. In most cases, asbestos coatings and in-
sulation, where necessary, can be repaired at no risk
and at a fraction of the cost of complete removal.

Rutstein (1982) comments on relative health hazards of the
various fiber types:

Outside the U.S., particularly in Great Britain, it is
widely believed that crocidolite is much more danger-
ous than chrysotile, and, further, that much of the data
suggesting that asbestos is harmful is based on the ef-
fects of crocidolite, and perhaps, amosite, but not on
the much more widespread chrysotile . . . Let us now

consider why there was an asbestos scare. lrving
Selikoff of the Mount Sinai School of Medicine con-
tinues to lead in advocating the dangers of asbestos.His
classic studies (1973) of the asbestos-insulation workers
of New Jersey show quite clearly that they were indeed
much more susceptible to asbestosis and various can-
cers. Lung cancer was prevalent, especially if the work-
ers smoked cigarettes. Most of the asbestos workers in
Selikoff’s studies were probablg exposed to more than
just the chrysotile variety of asbestos. Crocidolite was
particularly favored for insulation on ships. However,
the interpretation of the epidemiological data did not
stress distinguishing between health effects attributa-
ble to different mineral species, but only to “asbestos”.

Why should these fiber types act differently? Perhaps be-
cause they have contrasting physical and chemical attributes.
For instance, chrysotile fibers curl into spirals, whereas the
amphiboles (crocidolite and amosite) develop straighter,
more needle-like fibers, and appear to penetrate more
deeply into the terminal air sacs of the lungs (Figure 3).
Chrysotile is a magnesium silicate, amosite is an iron-magne-
sium silicate, and crocidolite is a sodium-iron-magnesium
silicate. Their solubilities and resistance to chemicals are
known to differ. :

Recently, the authors attended a talk (January 21, 1983)
about asbestos-related disease, presented by Margaret
Becklake, M.D. (McGill University, Canada) at the University
of Arizona medical center. She restated her belief that
chrysotile eventually dissolves in the lungs and therefore
does not continue to accumulate like the amphibole fibers
do. Previously, she had reported the following (Becklake,
1982):

Subsequent studies have also strengthened the evi-
dence that fibers dissolve out of the lungs over time,
the loss occurring preferentially in chrysotile fibers.
Thus, though chrysotile accounts for the bulk of com-
mercial use and hence human exposure, it is the
amphiboles that constitute the core of the majority of
asbestos bodies found in human fungs, even in those
known to have had occupational exposure to chrysotile
(Warnock, 1979; 1980; 1981) ... All these findings
strengthen the evidence that chrysotile is cleared more
readily from the lungs than other fibers . . .

Perhaps the best available information on chrysotile fiber
exposure-risk levels comes from studies in Canada, the
source of much of the chrysotile fiber used in the U.S. As an
example, Ross (1982) reports:

Epidemiolo%ical studies of the chrysotile asbestos min-
ers and millers of Quebec, undertaken by medical
researchers in Canada, show that for 3,105 men exposed
for more than 20 years to chrysotile dust averaging 20
fibers/cm?, the total mortality was less than expected
(620 observed deaths, compared to 659 expected
deaths). Risk to lung cancer was slightly increased—48
deaths observed an§ 42 deaths expected. Exposures to
20 fibers/cm’ are an order of magnitude greater than
those experienced now (generally less than 2 fibers/
cm?®); thus chrysotile miners working a lifetime under
these present dust levels should not be expected to suf-
fer any measurable excess cancer.

How much is 20 fibers/cm*? According to Rutstein, at an al-
lowable limit of 2 fibers/cm? of air (over an 8-hour industrial
environment workday), the average worker could easily inhale
7 million fibers per day. Thus, he too questions the incon-
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Figure 3. Crocidolite (straight fibers) from South Africa and chrysotile (wavy fibers) from Globe, Arizona, viewed through a scanning electron microscope. The thinner fibers are

less than .0004 inches thick. Photos courtesy of the U.S. Geological Survey.

sistency revealed in permitting the inhalation of several mil-
lion fibers on the one hand and promoting the “one fiber can
kill” concept on the other hand.

Clifton (1983) reports that the United Kingdom Health and
Safety Commission decided to implement tighter controls
over asbestos exposure. The new limits, which were effec-
tive January 1, 1983, are: chrysotile, one fiber per milliliter of
air (1 f/ml); amosite, 0.5 f/ml; and crocidolite, 0.2 f/ml.
[chrysotile was lowered by 1 f/ml and the others are un-
changed.]

What is known of the asbestos-related mortality rate in the
U.S. and what are the estimates for the future? If one looks
over the data, it becomes obvious that firm numbers do not
exist. Ross points out that former Secretary of the U.S. De-
partment of Health, Education and Welfare, Joseph A.
Califano, reported figures in a 1978 speech that translate into
76,000 cancer deaths per year due to asbestos. The data came
from medical scientists associated with the National Insti-
tutes of Health. In 1980, Dr. Irving Selikoff stated at a press
conference that 20,000 U.S. asbestos workers would die each

year for the next 40 years of “excess disease”. Subsequently,
in 1981 Dr. Selikoff, through a press release to the Associated
Press, stated that 10,000 American workers are dying each
year because of asbestos exposure. He did not supply a data
source for these estimates.

Ross asks if any of these numbers are correct. Using exist-
ing statistics from Vital Statistics of the United States dealing
with mortality factors, asbestosis deaths in the nation for the
period 1967-1977 are seen to average 41 per year. However,
Ross cites data indicating that deaths due to this cause are un-
derreported, therefore adjusts the average figure to 88.
Using this number in combination with asbestos-related
epidemiological statistics, Ross estimates the likely annual
mortality due to lung cancer and mesothelioma. Combining
these, his estimates for total annual asbestos-related mortal-
ity range from 522-587. Furthermore, he thinks that asbestos-
related mortality will peak between 1980 and 1985, 35 to 40
years after the large World War Il shipyard employment.

In regard to the estimation of risk in human non-occupa-
tional exposure to asbestos, the National Research Council’s
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Committee on Biological Effects of Atmospheric Pollutants
(1971) wrote:

The most important question in the case of persons
with non-occupational exposures to asbestos is
whether there is an increased risk of malignancies. In-
dustrial experience indicates that there is no likelihood
of significant asbestosis in non-occupational exposure.
The major potential for risk appears to lie in those with
indirect occupational contacts, household contacts, or
residence in the immediate neighborhood of asbestos
sources; and even there, the actual risk is poorly de-
fined. But the fact that there appears to be a gradient of
effect in such groups suggests that there are levels of
inhaled asbestos without detectable risk. It is not
known what range of respirable airborne asbestos fi-
bers will ultimately be found to have no measurable ef-
fects on health. At present, there is no evidence that
the small numbers of fibers found in most members of
the general population affect health or longevity.

More recently, in response to a question concerning non-
occupational exposure to chrysotile asbestos in Canada (see
cover photo), Dr. Becklake stated the following (personal
communication, 1983): “A mortality study has been carried
out referring to residents of the asbestos mining towns of
Quebec. No significant excess general mortality was shown
in women. The excess in men was thought to be related to
occupational exposure.” Asked if society should ban all
forms of asbestos use, Dr. Becklake commented, “We hu-
mans live with many dangerous materials and are able to
control others; why not this one?”

Globe, Arizona, has been in the news periodically, most
recently because of its association with EPA’s Superfund. A
mobile home park is situated on land, parts of which were
once dedicated to the processing of chrysotile asbestos. At
question is the health risk. A dilemma prevails because there
are no factual scientific data that clearly define the relation-
ship between all possible exposure levels of chrysotile
asbestos and risk. As already pointed out, high occupational
exposure levels can be risky, whereas there is no evidence of
significant risk at levels frequently characterized as non-oc-
cupational. However, how should the possible exposure
levels at the mobile home park be characterized? Might they
be high, low or intermediate, depending upon several vari-
ables? Is living there likely to be more or less hazardous than
living in the chrysotile mining and milling centers of Quebec,
Canada? Because of a paucity of accurate, scientific data, and
in spite of efforts to gather more, answers to such questions
remain largely subjective and somewhat arbitrary. Although
this is the nature of the problem that confronts the various
state and federal agencies, decisions must nevertheless be
made. In the absence of definitive, scientific health-risk data,
decisions on final actions will inevitably be based upon
economic-political considerations.

Substitutes

In a report of the Advisory Committee on Asbestos, Health
and Safety Commission of Great Britain, the following state-
ment is made regarding substitutes for asbestos (Simpson,
1979, v.1, p.69):

As a general principle we take the view that control of
any useful but hazardous material is preferable to the
ultimate sanction of prohibition. It is very easy to say
that a dangerous substance or process should be
banned and to hope that that will solve the problem. In

our view, this is a gross over-simplification of a complex
equation of interlinked factors. It ignores the possibil-
ity that prohibition of a particular substance may
directly result in an increase in health or safety risks, for
example from fire, which the use of that substance cur-
rently prevents or reduces. It also ignores the implica-
tions of statutorily enforcing substitution by materials
or substances that presently if)pear to be suitable but
may at a later date be found to constitute a risk to
health. The social and economic consequences of the
possible closure of factories using the original material
or process need be taken into account.

Until recently, the U.S. has been the largest producer of
asbestos products, mostly from imported fiber. The three
principal natural fibers that enter into commerce—crocido-
lite, amosite, and chrysotile-have physical and chemical
characteristics that are difficult to duplicate by substitution.
As a consequence, substitutes tend to perform in an inferior
way. The costs {including health and safety), imposed on so-
ciety because of inferior performance, are not yet known.

CONCLUSIONS

The mining, milling, processing, and fabrication of a family
of naturally occurring fibrous asbestos minerals, especially
chrysotile, is world-wide in scope. The overall benefits of as-
bestos products to society at large are incalculable. Because
of adverse publicity, the “hazards” of asbestos seem to pre-
clude benefits derived from its use.

The specter of disease, especially cancer, has been at-
tached by some to the exploitation, processing, use, and
even general occurrence of asbestos. How serious is the as-
bestos-related disease threat? Judging from the data cited in
this perspective-seeking report, the hazard seems to depend
principally on two points: 1) the specific mineral, and 2) ex-
posure level.

The nature of the asbestos problem is recognized and it is
believed that present technology is capable of controlling
occupational chrysotile exposures to levels that are not
anticipated to resultin excess disease. Studies of the non-oc-
cupational health risk of chrysotile suggest no detectable ex-
cess disease; therefore, the prevailing generalization that
any non-zero exposure to chrysotile can cause serious medi-
cal problems should be questioned.

These data, though not finally definitive, nevertheless sup-
port the contention that failure to discriminate between the
various fiber types and exposure levels is scientifically and
practically inappropriate. Thus chrysotile may have become
the victim of “guilt by association”, having been lumped with
the more dangerous minerals, crocidolite and amosite,
under the general term, “asbestos”.
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